Kidney cell electrophoresis in space flight: Rationale, methods, results and flow cytometry applications by Kunze, M. E. et al.
N89 - 20280 
KIDNEY CELL ELECTROPHORESIS I N  SPACE FLIGHT: 
RATIONALE, METHODS, RESULTS AND FLOW CYTOMETRY 
APPLICATIONS 
P. Todd', D.R. Mor r ison  ++ , G.H. Bar low 0 , 
M.L. Lewi& J.W. Lanhq:*, C. Cleveland**,oo 
K. Wi l l iams , M.E. Kunze , and C.L. Goolsby 
+ B i  oprocessi ng and Pharmaceutical Research Center 
3401 Market S t r e e t  
Phi 1 adel ph i  a, PA 19104 
++ Biomedical Labora to r ies  Branch 
Johnson Space Center 
Houston, TX 
Bi oprocessi  ng Research Center 
The Uni v e r s i  t y  o f  Texas Hea l th  Science Center 
Houston, TX 
* L i f e  Sciences D i v i s i o n  
Krug I n t e r n a t i o n a l ,  Inc. 
Houston, TX 
** E l  ec t rophores i  s Operat ions i n Space 
McDonnell Doug1 as As t ronau t i cs  Co. 
S t .  Lou is ,  MO 
The Pennsyl vani  a S ta te  Uni v e r s i  t y  
U n i v e r s i t y  Park, PA 
O0 Department o f  Mo lecu la r  and C e l l  B i o l o g y  
https://ntrs.nasa.gov/search.jsp?R=19890010909 2020-03-20T03:56:26+00:00Z
SUMMARY INTRODUCTION 
The human k idney  performs an i n c r e d i b l e  number o f  d i f f e r e n t  
func t ions .  
r e n i  n, e r y t h r o p o i e t i  n, enzymes o f  v i  tami n D metabolism, p l  asmi nogen 
a c t i v a t o r s  o f  a t  l e a s t  3 types, g ranu locy te  c o n d i t i o n i n g  f a c t o r ,  t h e  
mai ntenance o f  e l e c t r o l y t e  bal ance, and t h e  c learance o f  so l  ub l  e wastes 
f rom t h e  blood, t o  ment ion a few. The sha r ing  o f  these f u n c t i o n s  among 
c e l l s  w i l l  t a k e  decades t o  f u l l y  cha rac ta r i ze ,  and many o f  these 
func t i ons ,  if they  cou ld  be i s o l a t e d ,  a r e  a l s o  o f  commercial importance 
t o  b io technology.  
p r o l i f i c  t i s s u e  w i t h  respect  t o  plasminogen a c t i v a t o r  product ion,  w h i l e  
p l  asminogen a c t i v a t o r  i s  one o f  today 's  " h o t t e s t "  b io techno logy  f u t u r e  
market i tems (Kadouri and Bohak, 1985). The purpose o f  t h e  research 
p r o j e c t  was t o  develop t h e  most e f f e c t i v e  means o f  p u r i f y i n g  
subpopul a t  i ons o f  c u l t u r e d  human embryonic k i  dney (HEK) c e l l  s and produce 
l i v i n g  subpopulat ions f o r  study. 
plasminogen a c t i v a t o r  found i n  u r i ne ,  was t h e  product  goal. S ince 
pr imary  c u l t u r e s  o f  d i  f f e r e n t i  a t i  ng epi  the1 i o i d  c e l l  s are  no t  immortal  , 
adequate numbers of c e l l s  cou ld  no t  be p u r i f i e d  by c l o n i n g  o r  c e l l  
s o r t i  ng. H i s t o r i c a l  ly, Bar1 ow and Kol i n showed some t h r e e  major  
subpopul a t i o n s  by ' 'cont i  nuous b e l t "  e lec t rophores i s  i n a magneti c f i e l d  
(Barlow e t  al., 1977). Th is  f i n d i n g  was no t  pursued a t  t h e  t i m e  of i t s  
discovery,  b u t  i t  was conf i rmed as an e a r l y  goal i n  t h i s  p r o j e c t ,  and t h e  
o r i g i n a l  premise t h a t  e l e c t r o p h o r e t i c  s u b f r a c t i o n s  would separate 
accord ing t o  f u n c t i o n  was a l s o  confirmed. A s e r i e s  o f  ground-based 
e l e c t r o p h o r e t i c  and enzymologic s tud ies  l e d  t o  an exper iment on t h e  
Apol lo-Soyuz m i  s s i  on i n which evidence f o r  u r o k i  nase-r i  ch c e l l  
subpopulat ions was found. 
t o  reproduce t h i s  r e s u l t  w i t h  adequate s t a t i s t i c a l  da ta  and super io r  
technique bu t  w i t h  t h e  same apparatus. 
i nc l  uded two c o l  umns o f  f i  xed ery th rocy tes ,  which were photographed i n 
f l i g h t .  The remain ing 6 tubes were dedicated t o  l i v i n g  k idney  c e l l s  t h a t  
had t o  be f r o z e n  f o r  severa l  weeks be fo re  and immediate ly  a f t e r  
e l e c t r o p h o r e s i s  i n  space. L i q u i d  n i t r o g e n  l o s s  i n  a ground r e f r i g e r a t i o n  
u n i t  dest royed a l l  samples f rom t h i s  f l i g h t ,  and o n l y  photographic  da ta  
from t h e  f i x e d  e r y t h r o c y t e s  was usable (Snyder e t  al., 1985; Mor r ison  and 
Lewis, 1983; Sarnof f ,  e t  a1 . , 1983). Owing t o  t h e  development o f  a J o i n t  
Endeavor Agreement w i t h  McDonnell Doug1 as As t ronau t i cs  Co. NASA made t i m e  
avai 1 ab le  on t h e  Cont i  nuous F1 ow E l  ec t rophores i  s System (CFES) aboard t h e  
space s h u t t l e  o r b i t e r s .  Without t h e  necess i t y  o f  f reez ing  c e l l s  and 
w i thou t  wor ry ing  about t h e  i n f l u e n c e  o f  p a r t i c l e  sedimentat ion o r  zone 
convect ion i t  became p o s s i b l e  and l o g i c a l  t o  separate c e l l s  by CFES i n  
m ic rog rav i t y .  
g rav i  ty-dependent component o f  p i t u i t a r y  c e l l  separa t i on  i n f r e e  f l u i d  
e lec t rophores i s  methods (Plank e t  a l ,  1983). P r i o r  t o  t h e  Chal lenger  
t ragedy i t  was on ly  p o s s i b l e  t o  separate two samples o f  k idney  c e l l s ,  
both on STS-8. 
bu t  t h e r e  a re  s t i l l  numerous a n a l y t i c a l  r e s u l t s  t o  be completed and 
pub1 i shed. The f o l l  owi ng t e x t  (1)  i ntroduces t h e  sub jec t ,  ( 2 )  descr ibes 
t h e  space-based e lec t rophores i s  apparatus and i t s  t e s t i  ng, ( 3 )  rev iews 
r e s u l t s  o f  k idney  c e l l  e lec t rophores i s ,  and (4)  presents  r e s u l t s  i n  t h e  
a p p l i c a t i o n  o f  f l o w  cytometry  t o  k idney  c e l l  e lec t rophores i s  i n  low 
g r a v i t y .  
There are  i n d i v i d u a l  c e l l  s respons ib le  f o r  t h e  p roduc t i on  o f  
For  example, t h e  k idney  i s  perhaps t h e  second most 
O r i g i n a l l y  p r i m a r i l y  urok inase,  a 
The f i r s t  o b j e c t i v e  o f  t h e  present  p r o j e c t  was 
The "EEVT" exper ien t  on STS-3 
T h i s  under tak ing  was suggested by t h e  c l e a r  f i n d i n g  o f  a 
Ex tens ive  r e p o r t i n g  has been accomplished on these c e l l s ,  
WHY STUDY CELL ELECTROPHORESIS I N  SPACE? 
Any c e l l  t y p e  with l i m i t e d  o r  no p r o l i f e r a t i v e  c a p a b i l i t i e s  t h a t  i s  
needed i n  pure  fo rm must be separated by a techn ique t h a t  p rov ides  
adequate p u r i t y ,  adequate y i e l d ,  adequate re1 a t i o n s h i  p t o  c e l l  type, and 
adequate f u n c t i o n  a f t e r  separat ion.  C e l l  e lec t rophores i s ,  h i g h  g r a d i e n t  
magneti c f i  1 t r a t i o n ,  two-phase p a r t i t i o n i n g ,  and a f f i n i t y  chromatography 
have been i d e n t i f i e d  as such processes. A l l  a r e  i n  t h e i r  i n fancy ,  and 
some processes may n o t  y e t  have been discovered. 
p u r i f y i n g  suspended animal and p l a n t  c e l l s  a re  numerous, and t h e  a c t i v i t y  
i t s e l f  i s  amply j u s t i f i e d  by t h e  demands f o r  pure  c e l l  popu la t i ons  as 
o b j e c t s  o f  chemical research, l i v i n g  m a t e r i a l  f o r  t r a n s p l a n t a t i o n ,  and 
sources of uncontaminated bioproducts.  
a n t i c i  pated needs o f  b iochemis ts  and b io techno l  og i  s t s  i n  t h e  1990's. 
The reasons f o r  
These reasons i n c l u d e  t h e  
1. Stokes he te rogene i t y  o f  c e l l s  w i t h  s i m i l a r  charge and f u n c t i o n  
C e l l  parameters re1 ated t o  Stokes sedimentat ion,  namely d e n s i t y  and 
rad ius ,  a r e  d i s t r i b u t e d  va lues  i n  any l i v i n g  c e l l  populat ion.These may o r  
may n o t  be r e l a t e d  t o  c e l l  f unc t i on .  For example, n e u t r o p h i l s  and 
somatotrophs a r e  e x t r a o r d i  n a r i  l y  dense owi ng t o  t h e i r  densely packed 
granules o f  s e c r e t o r y  p ro te ins .  
from o t h e r s  w i th  which t h e y  are  n a t u r a l l y  mixed. Heterogene i ty  of 
sed imenta t ion  i n  a pure  subpopu la t ion  i n t e r f e r e s  w i t h  p u r i t y  and y i e l d  i n  
most p u r i f i c a t i o n  processes. F i g u r e  1 i s  an i n d i c a t i o n  o f  t h e  
he te rogene i t y  o f  a popul a t i o n  o f  human embryonic k idney  c e l l  s w i t h  
respec t  t o  d i  ameter. Terminal sedimentat ion v e l o c i t y  i nc reases  w i t h  t h e  
square of t h e  rad ius ,  so t h e r e  cou ld  be an % f o l d  d i f f e r e n c e  i n  t h e  
sed imenta t ion  v e l o c i t e s  o f  t h e  most and l e a s t  r a p i d l y  sediment ing c e l l s .  
I n  popu la t i ons  w i t h  l e s s  s i z e  he re togene i t y  i t  has been shown t h a t  
d e n s i t y  d i f f e r e n c e s  a l s o  a f f e c t  v e r t i c a l  e l e c t r o p h o r e t i c  m i g r a t i o n  (Plank 
e t  e t  al., 1983) and probably h o r i z o n t a l  e l e c t r o p h o r e t i c  m i g r a t i o n  i n  
cont inuous f l o w  e l e c t r o p h o r e s i s  (Todd, 1985), as i nd ica ted  schemat i ca l l y  
i n  F ig .  2. 
Sedimentat ion he1 ps separate such c e l l  s 
2. Ambigui ty of e l e c t r o p h o r e t i c  m i g r a t i o n  
Given t h e  above, i n  cont inuous f l o w  e l e c t r o p h o r e s i s  c e l l  t y p e  X 
c o u l d  sediment i n t o  t h e  same e l e c t r o p h o r e t i c  pathway as c e l l  t y p e  Y,  o r  
v i c e  versa, as shown i n  Fig.  2. 
would be c o l l e c t e d  as one, o r  an e l e c t r o p h o r e t i c a l l y  homogeneous 
p o p u l a t i o n  c o u l d  be de tec ted  as w ide ly  d i s t r i b u t e d .  
Thus, two  e l e c t r o p h o r e t i c  subpopulat ions 
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3. D iscovery  o f  new c e l l  t ypes  
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Ex tens i  ve e l e c t r o p h o r e t i c  s t u d i e s  on p i t u i t a r y  c e l l  s (Plank e t  a1 . , 
1983; Hymer e t  a1 ., 1987) and k idney  c e l l s  (Todd e t  a1 ., 1986) 
demonstrate t h a t  d i f f e r e n t  c e l l  s i n  a t i s s u e  perform d i f f e r e n t  secre tory ,  
syn t  h e t  i c, and met abol i c f unc t  i ons des p i  t e morpho1 og i  c a1 s i  m i  1 a r i  t y  . 
While these f i n d i n g s  may seem amusing t o  h is tochemis ts ,  who r o u t i n e l y  
make s i m i l a r  d i scove r ies ,  h i s t o c h e m i s t r y  w i l l  no t  revea l  t h e  s u b t l e  
d i f f e r e n c e s  t h a t  have been d iscovered by c e l l  p u r i f i c a t i o n ,  such as 
immunol og i  c a l  l y  s imi  1 a r  molecules w i t h  d i  f f e r e n t  b i o l  og i  c a l  f u n c t i o n  
produced by separable, morpho log ica l l y  s i m i l a r ,  c e l l s  (Hymer e t  a1 ., 
1987). 
gene sequences i n  such c e l l s ;  c e l l  p u r i f i c a t i o n  has made i t  p o s s i b l e  t o  
do these. Owing t o  e l e c t r o p h o r e t i c  p u r i f i c a t i o n ,  we now know, f o r  
example, t h a t  two p i t u i t a r y  c e l l  t ypes  make two t ypes  o f  growth hormone 
and t h a t  two e l e c t r o p h o r e t i c  subpopulat ions o f  k idney  c e l l s  make 
urok inase molecules hav ing  d i f f e r e n t  mo lecu la r  weights. 
H is tochemis t r y  cannot measure t h e  molecu la r  w i g h t s  o r  determine 
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F i  gure 1. 
c e l l s .  
t h e  diameters o f  9.5 Nm, 14.5 Nm, and 20.5 ym spheres a l s o  determined 
m ic roscop ica l l y .  
H i  s t o g r  am o f  m i  c roscop i  c a l  l y  determi ned s i  zes o f  passage-1 HEK 
The t h r e e  dashed l i n e s  i n d i c a t e  t h e  c a l i b r a t i o n  p o i n t s  based on 
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r a p i d l y  sediment ing c e l l s .  
buovant c e l l s .  A l l  c e l l s  a re  
E f f e c t s  o f  p a r t i c l e  sedimentat ion on cont inuous f l o w  
I n  A and B t h e  c i r c l e s  show t h e  pa th  o f  more 
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considered t o  have t h e  same e l  e c t r o p h o r e t i  c 
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F igu re  3. 
o r  t o o  buoyant i n  cont inuous f l o w  e lec t rophores i s .  Sample f l o w  i s  
stopped o r  t o o  f a s t ,  depending on r e l a t i v e  d e n s i t i e s  o f  sample and 
c a r r i e r  b u f f e r s .  
Sketch o f  t h e  consequences o f  sample zones t h a t  a re  t o o  dense 
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4. Rare c e l l  t ypes  
A popular a c t i v i t y  i n  f l o w  cy tomet ry  i s  t h e  d e t e c t i o n  o f  r a r e  c e l l  
To per fo rm any a n a l y s i s  o r  pos t -separa t ion  s tudy  
types--one i n  a m i l l i o n  o r  so. De tec t i on  alone does n o t  produce workable 
amounts o f  m a t e r i a l .  
requ i  res  adequate c e l l  numbers. Consider t h a t  a biochemical  measurement 
r e q u i r e s  1 m i l l i o n  c e l l s  -- a i # p i c a l  lower  l i m i t .  
s t a r t i n g  p o p u l a t i o n  must be 10 c e l l s .  Passing these th rough a c e l l  
s o r t e r  a t  c u r r e n t  maximum r a t e s  o f  10,00O/sec (depending on t h e  
compl ex i  t y  o f  s o r t  l o g i c )  would y i e l d  t h e  des i  r e d  number o f  c e l l  s i n  100 
m i l l i o n  seconds (o r  3 years ) .  A techn ique f o r  accompl ishing t h e  same 
t h i n g  i n  a day would be u s e f u l ,  bu t  ground based e l e c t r o p h o r e s i s  i s  n o t  
equal t o  t h i s  task  owing t o  l i m i t e d  c a p a c i t y  and l i m i t e d  r e s o l u t i o n .  The 
e r y t h r o p o i e t i n  gene i s  on l y  an e a r l y  example o f  a problem o f  t h i s  
magnitude; i t s  o r i g i n a l  i s o l a t i o n  r e q u i r e d  a few years  by o t h e r  methods. 
Obviously t h e  
5. C e l l  s f o r  t r a n s p l  a n t a t i o n  
The t rea tmen t  o f  congen i ta l  o r  ch ron ic  diseases by a s i n g l e  
i n j e c t i o n  o r  i m p l a n t a t i o n  o f  c e l l s  has been a goal of several  
d i  sease-speci f i  c research  programs and p ro jec ts .  
t he rapy  i s  s a f e r  t h a n  gene therapy. 
t h a t  p revent  t h e  t r a n s p l  a n t a t i o n  o f  unwanted c e l l  s ,  such as g r a f t - v s - h o s t  
c e l l s  i n  bone marrow, a1 pha c e l l  s i n panc rea t i c  i s l  e t s ,  o r  mammotrophs i n 
p i  t u i  tary. 
CFES, which has produced adequate q u a n t i t i e s  o f  t h e  a p p r o p r i a t e  c e l l  
t ypes  f o r  research  (Hymer e t  al., 1987). Whether o r  n o t  ground based 
e l e c t r o p h o r e s i s  i s  equal t o  t h e  same task  f o r  medical t r a n s p l a n t a t i o n  
needs t o  be determined. 
Many be l  i eve t h a t  c e l l  
It i s  necessary t o  dev i se  methods 
These s p e c i f i c  exampl es have been addressed i n ground-based 
6. The c a p a c i t y  problem 
The p rev ious  two i tems p o i n t  t o  t h e  need f o r  h i g h  c a p a c i t y  
separa t i on  accompanied by adequate r e s o l u t i o n .  C e l l  s i n suspension have 
a v e r y  low d i f f u s i o n  c o e f f i c i e n t ,  so t h e y  do n o t  d i f f u s e  ou t  o f  t h e  zone 
i n  which t h e y  a re  i n j e c t e d  i n t o  a f r e e - f l u i d  separator.  R a p i d l y  
d i f f u s i n g  substances f l o w  i n t o  t h e  zone, and t h e  zone sediments r a p i d l y  
i f  t h e  c e l l  c o n c e n t r a t i o n  i s  above a c r i t i c a l  va lue  (Mason, 1976). The 
e f f e c t  o f  t h i s  phenomenon on CFES i s  descr ibed i n  Fig.  3. 
nuc lea ted  c e l l s  t h e  c r i t i c a l  concen t ra t i on  i s  below 10 m i l l i o n  c e l l s  per 
m l  ( B o l t z  and Todd, 1978). It has been mentioned t h a t  f o r  c e r t a i n  
research purposes t h e  c a p a c i t y  o f  ground-based CFES i s  adequate because 
t h e  a v a i l a b i l i t y  o f  c e l l  s i s  l i m i t i n g  (Hymer e t  a1 . , 1987). 
Fo r  most 
However, 
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t h e r e  w i l l  be cases i n  which i t  i s  not. Biochemical assays on s i n g l e  
f r a c t i o n s  w i thou t  r e c u l t u r i n g ,  i n  v i v o  i m p l a n t a t i o n  o f  s i n g l e  f r a c t i o n s ,  
and mechani s t i  c s t u d i e s  on i s o l  a ted  r a r e  c e l l  popul a t i  ons w i  11 requ i  r e  
t h e  separat ion,  w i t h i n  a few hours, o f  l a r g e r  pure c e l l  popu la t i ons  have 
been h e r e t o f o r e  avai  1 ab1 e. 
Thus, t h e  a b i l i t y  t o  process more t h a n  30 m i l l i o n  c e l l s  per  hour 
( c u r r e n t  p r a c t i c e )  w i  11 e v e n t u a l l y  be needed. 
sed imenta t ion  i s  absent, and such c a p a c i t y  i s  f eas ib le .  
I n  m ic rog rav i  t y  zone 
7. The r e s o l u t i o n  problem 
I n  CFES samples are  i n j e c t e d  i n  a f i n e  stream i n t o  a f l o w i n g  bu f fe r  
stream. The smal l  d i s tance  between t h e  w a l l s  causes 1 aminar f l o w  i n  a 
s teep p a r a b o l i c  p r o f i l e  f rom f r o n t  w a l l  t o  back wa l l .  C e l l s  near t h e  
w a l l s  move more s l o w l y  and spend more t ime  i n  t h e  f i e l d  and hence a r e  
swept anoda l l y  a g r e a t e r  d i s tance  t h a n  are  t h e i r  coun te rpa r t s  a t  t h e  
cen te r  o f  t h e  stream. 
n e g l i g i b l e  compared t o  t h e  chamber th ickness ;  hence a t h i c k  chamber i s  
des i rab le ,  b u t  chamber th i ckness  i s  f i x e d  by t h e  need t o  r e j e c t  heat 
u n i f o r m l y  t o  t h e  c o o l i n g  j a c k e t  a t  t h e  wa l ls .  The q u a n t i t a t i v e  na tu re  of 
t h i s  problem can be modeled by computer and s t u d i e d  i n  l o w  g r a v i t y  where 
buoyancy d r i v e n  convec t i ve  f l o w  i s  absent and t h i c k e r  chambers can be 
used. S tab le  ope ra t i ng  ranges o f  CFES i n  m i c r o g r a v i t y  have been exp lo red  
by computer s imu la t i ons ,  and 4 g/hr p rocess ing  r a t e  can be achieved i n  a 
10.0 mm t h i c k  chamber (McCreight, 1977). A t y p i c a l  commercial chamber i s  
0.3 - 0.5 mm t h i c k .  
1.5 mm t h i c k ,  and t h e  space f l i g h t  CFES has a 3.0 mm t h i c k  chamber. The 
study o f  t h i c k e r  chambers i s  des i rab le ,  bu t  t h e  thermal s t a b i l i t y  o f o t h e  
sample a l s o  must be considered. C e l l s  cou ld  w i ths tand  10 min. a t  41 C, 
f o r  example, s o  a chamber th i ckness  t h a t  ma in ta ins  t h i s  temperature a t  
use fu l  c u r r e n t s  cou ld  be s t u d i e d  i n  space. To date, m o d i f i c a t i o n s  o f  
sample stream diameter have been s t u d i e d  i n  space and on ear th ,  and a 
4 - f o l d  enhancement o f  r e s o l u t i o n  has been p o s s i b l e  w i t h i n  t h e  working 
c o n s t r a i n t s  o f  t h e  s tud ies .  
The i d e a l  sample stream i s  one whose diameter i s  
The McDonnell Douglas As t ronau t i cs  Co. chamber i s  
8. Cur ren t  c a r r y i n g  c a p a c i t y  of t h e  separands 
H i g h l y  concent ra ted  c e l l s  i n  ve ry  l ow  c o n d u c t i v i t y  f l u i d  w i l l  
themselves c a r r y  a subs tan t i  a1 amount o f  cu r ren t ,  t he reby  i ncreas i  ng t h e  
c u r r e n t  passed th rough  t h e  sample zone r e l a t i v e  t o  t h e  c a r r i e r  b u f f e r  i f  
t h e  b u f f e r  i s  o f  very low c o n d u c t i v i t y .  I n  t h e  case of c e l l s ,  t h e  
i n f l u e n c e  o f  t h i s  phenomenon on r e s o l u t i o n  i s n o t  known, because adequate 
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concen t ra t i ons  must be achieved t o  study it. 
achi eved i n 1 ow g r a v i t y  space experiments . These concen t ra t i ons  can be 
The above severa l  t y p e s  o f  experiments and processes r e q u i r e  h e r o i c  
measures o r  l o n g  p r o j e c t s  t o  perform. I n  most o f  these, l o w  g r a v i t y  
o f f e r s  a s h o r t - c u t  t o  e a r l y  answers o r  u n a v a i l a b l e  products.  
Nevertheless,  l o w  g r a v i t y  research exe l l ence  i n  t h i s  l i m i t e d  f i e l d  
depends on mai n t a i  n i  ng a re1 event research capab i l  i t y  t h a t  supports t h e  
progress o f  comparable ground-based techno log ies .  
METHODS AND EVALUATION OF CONTINUOUS FLOW CELL ELECTROPHORESIS I N  LOW 
G R A V I T Y  
The paragraphs t h a t  f o l l o w  are  adapted from t h e  major paper by Hymer 
e t  a1 . , (1987). They descr ibe,  as conci s e l y  as poss ib le ,  t h e  phys i ca l  
methods used on Space S h u t t l e  f l i g h t s  and t h e  r e s u l t s  o f  s p e c i f i c  t e s t s ,  
i n c l  ud i  ng k idney  c e l l  separa t i on  experiments u s i  ng t h e  McDonnel 1 Dougl as 
CFES. 
1. The McDonnell Dougl as Cont i  nous Flow E lec t rophores i  s Systems 
I n  c o n t i  nuous f 1 ow e l  ec t rophores i  s (CFE) , c e l l  s o r  molecules a re  
separated f rom one another on t h e  bas i s  o f  t h e i r  sur face  charge dens i t y .  
The ins t rumen t  used t o  conduct t h e  c e l l  separa t ions  d i f f e r s  f rom o t h e r  
designs (Hannig e t  a1 ., 1975) i n  th i ckness  and w i d t h  o f  t h e  separa t i on  
chamber, and i n  t h e  method o f  coo l ing .  It c o n s i s t s  o f  a rec tangu la r  
separa t i on  chamber sandwiched between two e l e c t r o d e  chambers which a re  
a1 so c o o l i n g  j a c k e t s  (Snyder e t  al., 1985 Plank e t  al., 1983; Hymer e t  
al., 1987; Rose and Richman, 1979) and a r e  separated f rom t h e  chamber a t  
i t s  edges by semipermeable membranes (Fig. 4A,C). A s t a b l e  e l e c t r i c  
f i e l d  i s  ma in ta ined by i o n  f l o w  th rough t h e  membranes. C a r r i e r  b u f f e r  
( low c o n d u c t i v i t y  t r i e thano lamine -po tass ium ace ta te  b u f f e r ,  pH 7.25, 300 
d s m  per l i t e r  f o r  c e l l s  o r  b a r b i t a l  b u f f e r  f o r  p r o t e i n s )  f lows upward 
th rough  t h e  separa t i on  chamber a t  a r a t e  o f  20 ml/min. 
separa t ion  chambers a re  d i  f f e r e n t i  a1 l y  pumped. 
ba lanc ing  tends  t o  e l i m i n a t e  t ransve rse  f l o w  and pressure g rad ien ts  i n  
t h e  sample chamber, enhancing c e l l  stream s t a b i l i t y  and r e p r o d u c i b i l i t y  
o f  r e s u l t s .  
descr ibed i n Fig.  4. 
c a r r i e r  b u f f e r  a r e  i n j e c t e d  i n t o  t h e  bottom o f  t h e  chamber u s i n g  an 
i n f u s i o n  pump ( 4  m l / h r ) .  
minutes b e f o r e  t h e y  e x i t  t h e  t o p  o f  t h e  f l o w  chamber th rough 197 p o r t s  
and a re  c o l l e c t e d  as " f r a c t i o n s " .  The separands m ig ra te  across t h e  
The e l e c t r o d e  and 
Computerized f l o w  
Dimensions o f  bo th  ground and space ins t rumen ts  a re  
C e l l  s (-10 / m l )  p r e v i o u s l y  washed and suspended i n 
C e l l s  a re  exposed t o  t h e  e l e c t r i c  f i e l d  f o r  4 
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separa t i on  chamber a t  d i  f f e r e n t  ve l  oc i  t i es dependi ng on t h e i  r ne t  s u r f  ace 
charge and v iscous d rag  cross s e c t i o n  and t h e r e f o r e  l eave  t h e  chamber 
through d i f f e r e n t  o u t l e t  tubes. L a t e r a l  m i g r a t i o n  d i s tance  thus  depends 
on t h e  time, t, spent by t h e  c e l l s  i n  t h e  chamber, t h e  a p p l i e d  f i e l d ,  E, 
and t h e  c e l l  lsurface charge dens i t y .  The product  i s  E t ,  expressed i n  
vo l  t -m i  n-cm- . 
The CFE u n i t  f o r  space f l i g h t  (Fig. 4)  has been used f o r  separat ions 
o f  va r ious  m a t e r i a l s ,  i n c l u d i n g  t e s t  p r o t e i n s  on S h u t t l e  f l i g h t  STS-4 and 
STS-6, p a r t i c l e s  on STS-7, and mammalian c e l l s  on S h u t t l e  f l i g h t  STS-8. 
The c o l l e c t i o n  system was reduced t o  40 tubes t o  accommodate a f r a c t i o n  
volume o f  13 m l  r e q u i r e d  when l i v i n g  c e l l s  were c o l l e c t e d .  
ope ra t i on  i n  space t h e  as t ronau t  f i r s t  removes a sample c o l l e c t i o n  t ray 
and s y r i n g e  from a thermostated c a b i n e t  and p laces them i n t o  t h e  f r a c t i o n  
c o l l e c t i o n  drawer and sample i n j e c t i o n  device,  r e s p e c t i v e l y .  The 
e l e c t r o p h o r e s i s  process i s  i n i t i a t e d  by a command a t  t h e  computer 
keyboard. 
t h rough  tygon c o l l  e c t i  on tubes endi ng wi t h  20-gauge need1 es. 
c o l l e c t i o n  comnand, each o f  these needles penetrates a rubber septum 
cove r ing  t h e  c o l l e c t i o n  t r a y s .  The ast ronaut  hears a s i g n a l  t o  remove 
t h e  sample c o l l e c t i o n  tray and syr inge,  and t h e  process can be repeated 
several  t i m e s  i n  one f l i g h t .  
d u r i n g  separa t i on  temperatures were 6 C a t  chamber i n l e t ,  12 C a t  o u t l e t  
tubes and 16 C g u r i n g  c o l l e c t i o n .  
mainta ined a t  4 C. 
c o l l e c t e d  i n t o  tubes a t  4 C a t o t h e  t o p  of t h e  u n i t .  Temperatures w i t h i n  
t h e  chamber ranged from 6 t o  8 C. 
Du r ing  
Sample e n t e r s  t h e  separa t i on  chamber, and f r a c t i o n s  e x i t  
A t  
I n  space, temperature d u r i n g  stoSage p r i o r  t o  s e p a r a t i o a  was 4OC; 
A f t e r  c o l l e c t i o n ,  samples were 
Samplgs processed i n  t h e  ground chamber were 
2. Test P r o t e i n  Separat ions 
Drop1 e t  sedimentat ion and convect ion c u r r e n t s  caused by uneven J o u l e  
h e a t i n g  d i s t o r t  f r e e - f l u i d  e l e c t r o p h o r e t i c  separat ions.  
g r a v i  ty-dependent e f f e c t s  would t h e o r e t i c a l  l y  p l  ay no r o l  e i n t h e  
e l e c t r o p h o r e t i c  separa t i ons  performed i n  m i c r o g r a v i t y ,  i t  should be 
p o s s i b l e  t o  process samples c o n t a i n i n g  g rea te r  c o n c e n t r a t i o n s  o f  p r o t e i n  
i n space. Thi  s poss i  b i  1 i t y  was demonstrated by compari ng 1 abo ra to ry  and 
space f 1 i ght  separa t i ons  . 
Since  these 
A sampl e c o n t a i n i n g  0.1% r a t  serum a1 bumi n and 0.1% ovalbumin was 
A 4 tube peak-to-peak separat ion,  w i t h  a 5 e lect rophoresed a t  E t = l l O .  
tube over1 ap between t h e  two p r o t e i n s ,  was r o u t i  n e l y  achieved. Whenever 
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t h e  p r o t e i n  c o n c e n t r a t i o n  was increased, t h e  h i g h e r  sample d e n s i t y  
r e s u l t e d  i n  decreased r e s o l u t i o n .  
c o n t a i n i n g  12.5% r a t  serum albumin and 12.5% ovalbumin (25% p r o t e i n  w/v) 
was separated t o  t h e  same 4-tube peak separa t i on  t h a t  was achieved on 
e a r t h  w i t h  0.2% p r o t e i n  s o l u t i o n .  
On S h u t t l e  f l i g h t  STS-4 a sample 
The d iameter  o f  t h e  sample stream i n  t h e  s p a c e - f l i g h t  chamber was 
t w i c e  t h a t  o f  t h e  l a b o r a t o r y  chamber (see F ig .  4), so a f o u r - f o l d  
i nc rease  i n  sample volume/uni t  t i m e  was r e a l i z e d .  
i nc reased  sample concen t ra t i on  ( p e r m i t t e d  by 1 ack of zone sed imenta t ion)  
r e s u l t e d  i n  500 - fo ld  inc reased " th roughput "  achieved by performing t h e  
separa t i on  i n  m i c r o g r a v i t y .  
Th i s  p l u s  t h e  
3. Test p a r t i c l e  experiments 
The a b i l i t y  o f  CFE t o  separate p a r t i c l e s  on t h e  bas i s  of charge was 
conf i rmed i n  exper iments designed by D r .  R. S. Snyder and co-workers 
(1986). M i x t u r e s  o f  t e s t  p a r t i c l e s  havi ng known e l e c t r o p h o r e t i c  
m o b i l i t i e s  and d i f f e r e n t  s i z e s  were used. Po lys ty rene 1 a tex  spheres 
hav ing  diameters ( i n  pm) o f  0.56 ( red) ,  0.30 ( w h i t e )  and 0.80 ( b l u e )  were 
syn thes ized by I n t e r f a c i a l  Dynamics Co., Por t land,  OR ( w h i t e  p a r t i c l e s ) ,  
and P a r t i c l e  Technology, Inc., Bethlehem, PA ( red  and b l u e  p a r t i c l e s ) .  
These were separated f rom each o t h e r  on Space Space S h u t t l e  f l i g h t  STS-7, 
p r i o r  t o  t h e  use o f  l i v i n g  c e l l s  on STS-8, t o  t e s t  f o r  s e p a r a b i l i t y ,  
absence of sedimentat ion,  p a r t i c l e  band width, and e f f e c t s  o f  conductance 
d i s c o n t i n u i t i e s .  
0.2 ( w h i t e )  and 1.6 - + 0.1 ( b l u e )  Ym-cm-V- -s -  ( S n y d e r e t  al., 1986). 
KIDNEY CELL ELECTROPHORESIS 
M o b i l i t i e s  o f  t h e  par t i t les lwere  3.5+ 0.2 ( red ) ,  2.4+ - 
1. H i  s t o r i  c a l  I n t  roduc t  i on 
Bar low 's  experiment (Barlow e t  al., 1977; A l l e n  e t  al., 1977) on 
Apol 1 o Soyuz i n 1975 u s i  ng a f r e e - f l  u i  d c o l  umn e l e c t r o p h o r e s i s  dev i ce  
showed t h a t  human k idney  c e l l s  cou ld  be separated i n t o  7 o r  8 
subf r a c t i  ons which a re  capable o f  produci  ng h i g h  1 eve1 s o f  p l  asmi nogen 
a c t i v a t o r s .  Many d i f f i c u l t i e s  were presented by f r e e z i n g  c e l l s  before 
f l i g h t  and on o r b i t  ( a f t e r  separa t ion) ,  t h e n  h a r v e s t i n g  t h e  c e l l s  
p o s t f l i g h t  f rom t h e  f r o z e n  i c e  column. C e l l  v i a b i l i t y  was low, and t h e  
smal l  sample s i z e  and c e l l  recovery  methods prec luded ex tens i ve  s tudy  of 
t h e  most i n t e r e s t i n g  f r a c t i o n s .  The correspondi  ng techn ique on t h e  
ground, v e r t i c a l  d e n s i t y  g rad ien t  e lec t rophores i s ,  separates c e l l s  w i t h  
s a t i  s f a c t o r y  r e s o l u t i o n  (P1 atsoucas, 1983; Todd e t  a1 . , 1981), bu t  t h e  
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number o f  c e l l s  pe r  f r a c t i o n  i s  n o t  adequate t o  a l l o w  ex tens i ve  s t u d i e s  
o f  t h e  h i g h e s t  p roduc ing  subpopulat ions. 
cont inuous f l o w  e l e c t r o p h o r e s i s  system (CFES) i n  t h e  middeck o f  t h e  Space 
S h u t t l e  o f f e r e d  much g r e a t e r  throughput a t  adequate r e s o l u t i o n  and 
e l i m i n a t e d  t h e  need f o r  t h e  f reeze-thaw procedures used i n  t h e  s t a t i c  
c o l  umn device. 
c e l l s  u s i n g  t h e  CFES began i n  1981 by a NASA/ u n i v e r s i t y /  i n d u s t r y  
p r i  n c i  pa l  i n v e s t i  g a t o r  team. E a r l y  r e s u l t s  showed t h a t :  
1 )  ex tens i ve  q u a l i f i c a t i o n  o f  t h e  cand ida te  c e l l  l o t s  was mandatory 
(Morr ison and Lewis, 1983); 2 )  standard assays f o r  t a r g e t  c e l l  s e c r e t o r y  
f u n c t i o n  were o f t e n  i nadequate t o  d i s t i n g u i s h  among mu1 t i p l e  s u b f r a c t i o n s  
(Lewis e t  a l . ,  1984); and 3 )  HEK c e l l s  c o u l d  be separated by CFES i n t o  
more than  30 d i f f e r e n t  f r a c t i o n s ,  a l l  o f  which produced some l e v e l  o f  
plasminogen a c t i v a t o r s  (Lewis e t  a1 ., 1982). P r i o r  t o  t h e  f i r s t  CFES 
separa t ions  o f  l i v e  c e l l s  on t h e  Space S h u t t l e ,  research was performed t o  
determi ne t h e  e f f e c t s  o f  c e l l  l o t ,  h a r v e s t i  ng and hand l i  ng procedures, 
pos t -separa t ion  storage, and c u l t u r e  c o n d i t i o n s  on e l e c t r o p h o r e t i c  
m o b i l i t y  (EPM) d i s t r i b u t i o n  and plasminogen a c t i v a t o r  p roduc t ion .  Three 
d i  f f e r e n t  methods o f  a n a l y t i c a l  e l  ec t rophores i  s were used t o  c h a r a c t e r i z e  
t h e  EPM d i s t r i b u t i o n  o f  c u l t u r e d  HEK c e l l s  under a v a r i e t y  o f  c o n d i t i o n s  
(Todd e t  a1 . , 1986), and comparisons were made between d e n s i t y  g r a d i e n t  
e l e c t r o p h o r e s i s  (DGE) and CFES which conf i rmed t h e  r e s u l t s  o f  t h e  f i r s t  
separa t i on  of HEK c e l l  s i n  space (Bar1 ow e t  al. ,  1977; A l l e n  e t  al., 
1977). The f o l l o w i n g  sec t i ons  desc r ibe  t h e  most s i g n i f i c a n t  r e s u l t s  o f  
t h e  f i r s t  CFES separa t i on  o f  HEK c e l l s  under m i c r o g r a v i t y  c o n d i t i o n s  on 
STS-8, t h e  major compromises which occurred, and t h e  subsequent research 
which has been done o r  i s  planned t o  prepare f o r  f u t u r e  CFES f l i g h t  
experiments. 
and i n i t i a l  p r o d u c t i o n  o f  u rok inase (u-PA) i s  d iscussed here. The 
d e t a i l s  o f  t h e  s e c r e t i o n  o f  d i f f e r e n t  PA's produced by t h e  subpopulat ions 
f o l l o w i n g  e l e c t r o p h o r e s i s  i s  descr ibed i n  t h e  r e p o r t  by Barlow e t  a1 
(1987) i n  t h i s  se r ies .  
The a v a i l a b i l i t y  o f  t h e  
Ground-based separa t i on  o f  human embryonic k i  dney (HEK) 
Only t h e  bas i c  re1 a t i o n s h i  p between t h e  EPM d i s t r i b u t i o n  
2. M a t e r i a l  s and Methods 
Frozen suspensions o f  human k idney  c e l l s  were ob ta ined f rom MA 
Bioproduc ts  ( R o c k v i l l e ,  MD, U.S.A.) and c u l t u r e d  i n  a serum supplemented 
medi um accordi  ng t o  p r e v i o u s l y  pub1 i shed methods (Lewi s e t  a1 . , 1984). 
More than 35 c e l l  l o t s  were screened f o r  v i a b i l i t y ,  growth, karyotype, PA 
p roduc t ion ,  and morpho1 ogy (Mor r i  son and Lewi s ,  1983). Fo r  p l  asmi nogen 
p roduc t i on  c e l l s  were p l a t e d  i n t o  complete growth medium, a l lowed t o  
m u l t i p l y  t o  conf luence and changed t o  a serum-free PA p r o d u c t i o n  medium 
(UKPM) developed by Bar low e t  a1 . , (1977a). The medium was harves ted  a t  
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4 o r  6 day i n t e r v a l s  f o r  28 days, and t h e  cond i t i oned  medium samples were 
f r o z e n  and analysed l a t e r  f o r  PA s e c r e t i o n  ra tes .  
determined by f i b r i n  c l o t  l y s i s ,  a r t i f i c i a l  s u b s t r a t e  h y d r o l y s i s ,  o r  
Enzyme L inked  Immunosorbent (ELISA) assays accordi  ng t o  methods 
p r e v i o u s l y  pub l i shed  (Mor r ison  and Lewi s ,  1983; Lewi s e t  a l . ,  1984; 
Mor r ison  e t  a1 ., 1984, 1984a). A d e t a i l e d  d e s c r i p t i o n  o f  t h e  c u l t u r e  and 
assay methods i s  found i n  t h e  accompanying paper by Bar low e t  a1 (1987). 
Fo r  t h e  S h u t t l e  c o n t r o l  and f l i g h t  experiments t h e  HEK c e l l s  ( l o t  #8514) 
were grown on f l a s k s ,  t r y p s i n i z e d  and r e c u l t u r e d  on m i c r o c a r r i e r  beads. 
A t  46 hours b e f o r e  separa t i on  (20 hours before STS-8 launch)  t h e  c e l l s  
were t r y p s i  n i  zed, harves ted  and suspended i n a 1 ow i o n i c  s t r e n g t h  
t r i  ethanol  ami ne b u f f e r  con ta i  n i  ng 10% d i  a lysed horsg  serum and 
a n t i b i o t i c s .  
i n t o  t h e  CFES, a t  which t i m e  t h e y  were mechan ica l l y  red ispersed and 
i n s e r t e d  as descr ibed i n  d e t a i l  elsewhere (Mor r ison  e t  al., 1984). 
Separat ions on STS-8 were performed a t  a f i e l d  s t r e n g t h  o f  26 V/cm and a 
sample res idence t i m e  o f  12 minuhes. 
d i f f e r e n t  concen t ra t i ons :  2 . 6 ~ 1 0  c e l l  s/ml and 8.0 x 10 c e l l  s/ml , 
whereas ground c o n t r o l  experiments u s i n g  a s i m i l g r  va lue  o f  E t  were 
conducted a t  concen t ra t i ons  o f  2.5 and 7.2 x 10 c e l l s / m l .  Each o f  50 
separated c 11 f r a c t i o n s  was c o l l e c t e d  i n  13 m l  bags c o n t a i n i n g  serum and 
s to red  a t  4 C u n t i l  r e t u r n  t o  Earth.  P o s t f l i g h t  t h e  c e l l s  were recovered 
from t h e  CFES c o l l e c t i o n  t r a y ,  grown t o  95% confluence i n  growth medium, 
then main ta ined on serum-free UKPM f o r  up t o  28 days. Supernatant medium 
was removed a t  4-day i n t e r v a l s  and f r o z e n  f o r  PA ana lys is .  
PA a c t i v i t y  was 
C e l l s  were s t o r e d  i n  t h i s  b u f f e r  a t  4 C u n t i l  i n j e c t i o n  
C e l l s  were i n j e c t e d  a t  two 
8 
3. Resu l t s  o f  STS-8 experiment and r e l a t e d  research  
The r e s u l t s  conf i rmed t h a t  HEK c e l l s  a re  s u i t a b l e  t e s t  c e l l s  f o r  
m ic rog rav i  t y  separat ions.  They a re  heterogeneous i n  EPM and f u n c t i o n ,  
p r e d i c t a b l e  i n growth and mai ntenance cu l  t u r e ,  stab1 e i n karyotype, and 
hardy enough t o  w i ths tand  t h e  combined r i g o r s  o f  p re-  and p o s t - f l i g h t  
hand1 i ng, t h e  e l  ec t rophores i  s process i  ng, and extended s to rage  i n t h e  
CFES b u f f e r .  
By u s i n g  t h r e e  methods of c e l l  e lec t rophores i s ,  t h e  EPM 
d i s t r i b u t i o n s  o f  e a r l y  passage c u l t u r e s  o f  human embryonic k idney  c e l l s  
we r e  
d i f f e r e n t  chemical compos i t ion  (Morr ison and Lewis, 1983; Todd e t  al., 
1986). HEK c e l l s  were found t o  be q u i t e  heterogeneous, hav ing  a broad 
range of EPM's and o f t e n  d i s t r i b u t i o n s  wi th m u l t i p l e  peaks. 
E l  e c t r o p h o r e t i  c he terogene i ty ,  as measured by t h e  c o e f f i  c i e n t  of 
v a r i a t i o n ,  was r e t a i n e d  throughout severa l  subcu l tu res  and i n  a v a r i e t y  
determined i n  a v a r i e t y  o f  low i o n i c  s t r e n g t h  b u f f e r s  o f  
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o f  b u f f e r s  w i t h  v a r i o u s  i o n i c  s t rengths .  T r y p s i n  and EDTA, normal ly  used 
t o  remove c e l l s  f rom t h e  c u l t u r e  surface, had o n l y  a minor e f f e c t  on t h e  
EPM d i s t r i b u t i o n .  I n  t h e  CFES b u f f e r  ( t r i e thano lamine ,  i o n i c  
strength=0.0015 M) t h e  mean EPM was found t o  be -1.47 + 0.27 um-cm/V-sec; 
however, a f t e r  s to rage  t h e  m o b i l i t y  decreased t o  -1.28-+ 0.26 
um-cm/V-sec. 
cause major changes i n  EPM o r  i t s  CV. The r o l e  o f  c e l l  c y c l e  and s i z e  
was a l s o  s tud ied  u s i n g  d e n s i t y  g rad ien t  e l e c t r o p h o r e s i s  (DGE), and no 
sys temat ic  re1 a t i o n s h i  p between e i t h e r  of these parameters and EPM was 
found (Todd e t  a1 ., 1986). 
Thus s to rage  i n  these low  i o n i c  s t r e n g t h  F u f f e r s  does n o t  
C e l l  separa t i on  experiments u s i n g  DGE (Todd e t  al. ,  1981 , 1986) 
demonstrated t h a t  HEK c e l l s  c o u l d  be separated i n t o  some 20 f r a c t i o n s  
w i t h  severa l  major groups o f  c e l l s  p roduc ing  h i g h  l e v e l s  of u-PA. The 
h i g h e s t  s e c r e t i n g  c e l l s  were found t o  have a c h a r a c t e r i s t i c  EPM t h a t  was 
approximately 15  percent  lower  t h a n  t h a t  o f  t h e  most mob i l e  c e l l s .  I n  
comparison, CFES separa t ions  showed a bandspread o f  35 e l e c t r o p h o r e t i c  
f r a c t i  ons, con ta i  n i  ng f i  ve o r  s i  x major subpopul a t i  ons, which produced 
h i g h  l e v e l s  o f  u-PA (Morr ison and Lewis, 1983; Lewis e t  al., 1982). I n  
these s t u d i e s  t h e  h i g h e s t  p roduc ing  subpopu la t ion  t y p i c a l l y  had an EPM 
approx imate ly  30 percent l e s s  t h a n  t h e  t h a t  o f  t h e  most mob i l e  c e l l s .  
The r e l a t i o n s h i p  o f  these combined f i n d i n g s  t o  those o f  m i c r o g r a v i t y  
experiments i s  d e t a i l e d  below (see F i g u r e  8). 
Rep1 i ca ted  quant i  t a t i  ve assays o f  t h e  s l  owest and f a s t e s t  
e l e c t r o p h o r e t i c  f r a c t i o n s  a r e  seldom f e a s i b l e ,  owing t o  l i m i t e d  c e l l  
numbers per  f r a c t i o n . 6  Attempts t o  i ncrease sample i n p u t  c o n c e n t r a t i o n  
g r e a t e r  t h a n  2.5 x 10 
i n  a r e d u c t i o n  i n t h e  mean m i g r a t i o n  d i s t a n c e  and i n t h e  bandspread o f  
t h e  d i s t r i b u t i o n .  Th is  cou ld  be due t o  c e l l - t o - c e l l  i n t e r a c t i o n s  which 
have been shown t o  a f f e c t  t h e  EPM o f  c u l t u r e d  mammalian c e l l s ,  b u t  no t  
e r y t h r o c y t e s  (Todd and Hjerte'n, 1985). 
c e l l s / m l  i n  CFES ground-based experiments r e s u l t e d  
I n  c e l l  separa t ions  i n  m i c r o g r a v i t y ,  separated HEK c e l l s  were 
c o l l e c t e d  i n  45 f r a c t i o n s  f rom CFES experiments on STS-8, however, l o w  
c e l l  numbers and v i a b i l i t y  i n  t h e  most mob i l e  c e l l s  r e s u l t e d  i n  o n l y  36 
c u l t u r e d  subpopulat ions.  
d i s t r i b u t i o n s  o f  c e l l s  separated i n  t h e  f l i g h t  and c o n t r o l  experiments. 
The mean m i g r a t i o n  d i s tance  o f  c e l l s  i n  t h e  f l i g h t  experiment was 
approximately 30 percent  g r e a t e r  t h a n  t h a t  o f  t h e  ground c o n t r o l s  (see 
F i g u r e  5a). 
space experiments was a1 so grea ter .  
F igu res  5a and 5b show t h e  e l e c t r o p h o r e t i c  
The breadth  and he te rogene i t y  o f  t h e  EPM d i s t r i b u t i o n  i n  t h e  
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FRACTION NUMBER 
F igu re  5a. 
i n  1-g (squares) and mic ro-g  (+). I n  micro-g t h e  c e l l s  migra ted  f a r t h e r ,  
a l though t h e  separa t i on  p o t e n t i a l  was s i m i l a r .  The mean m i g r a t i o n  i n  
both f l i g h t  exper iments was 14 f r a c t i o n s  c l o s e r  t o  t h e  anode khan t h a t  o f  
t h e  ground c o n t r o l s .  
f o r  ground c o n t r o l  Run 5c and 8.0 x 10 c e l l s / m l  f o r  Run 4, i n  f l i g h t  
M i g r a t i o n  i s  shown f rom l e f t  t o  r i g h t  and f r a c t i o n  number i s  r e l a t i v e  t o  
E l e c t r o p h o r e t i c  d i s t r i b u t i o n  o f  HEK c e l l s  separated by CFES 
Inpu t  sample conbent ra t ion  was 7.2 x 10 c e l l s / m l  
sample i n l e t  tube. 
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FRACTION NUMBER 
F igu re  5b. 
micro-g. I npu t  c e l l  congent ra t ion  was 2.6 x 10 c e l l s / m l  f o r  Run 3 
( t r i a n g l e s )  and 8.0 x 10 c e l l s / m l  f o r  Run 4 (diamonds). 
t h e  EPM d i s t r i b u t i o n  d i d  n o t  occur a t  c e l l  concen t ra t i on  > 2.6 x 10 
c e l l  s/ml as had been observed i n  ground-based CFES experiments. 
D i s t r i b u t i o n s  o f  HEK c e l l s  f rom bot$  CFES runs conducted i n  
Narrowing60f 
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C a l c u l a t i o n s  i n d i c a t e d  t h a t  s i x  t o  e i g h t  o f  t h e  lowest  m o b i l i t y  
f r a c t i o n s  might n o t  have been c o l l e c t e d  i n  t h e  f l i g h t  experiments due t o  
p r e f l i g h t  s e l e c t i o n  o f  t h e  50 sample o u t l e t s  t h a t  were connected t o  t h e  
50 bags i n  t h e  sample t rays .  
t h e  two f l i g h t  experiments were s i m i l a r .  No r e d u c t i o n  i n  mean m i g r a t i o n  
d i s tance  o r  bandspread was noted a t  t h e  h i g h e r  i n p u t  c e l l  c o n c e n t r a t i o n  
(Run 4). F i g u r e  6a shows t h e  urok inase (u-PA) p roduc t i on  r a t e  o f  t h e  
ground c o n t r o l  f r a c t i o n s  as measured by t h e  S-2444 chromogenic s u b s t r a t e  
assay. 
percent o f  t h e  d i s t r i b u t i o n  produced l o w  l e v e l s  o f  u-PA. 
f r a c t i o n s  i n  t h e  upper 50 t o  80 percent  o f  t h e  d i s t r i b u t i o n  produced h i g h  
l e v e l s  o f  U-PA. 
c e l l s  was cons iderab ly  g r e a t e r  i n  t h e  lowest  30 percent,  and some 
p r o d u c t i v e  f r a c t i o n s  were found i n t h e  uppermost 20 percent o f  t h e  
e l e c t r o p h o r e t i c  d i s t r i b u t i o n .  
d i s t r i b u t i o n s  t h e  h i g h e s t  producing subpopu la t ion  was found a t  
approximately t h e  same p o i n t  i n  t h e  d i s t r i b u t i o n  (86% o f  maximum 
m i g r a t i o n  d i s tance ) .  
found and i s  descr ibed i n  d e t a i l  by Barlow e t  al. ,  (1987, t h i s  volume). 
F i g u r e  5b shows t h a t  t h e  EPM p a t t e r n s  o f  
Most o f  t h e  f r a c t i o n s  i n  t h e  upper 15 percent and lower  50 
Several 
F i g u r e  6b shows t h a t  t h e  U-PA s e c r e t i o n  f rom f l i g h t  
I n  both t h e  ground and f l i g h t  
Sec re t i on  o f  o t h e r  PA's and PA i n h i b i t o r s  a l s o  was 
P o s t f l i g h t  a n a l y s i s  of t h e  EPM d i s t r i b u t i o n  o f  i n d i v i d u a l  f r a c t i o n s ,  
c o l l e c t e d  i n  space and t h e n  subcu l tu red  on Ear th ,  i n d i c a t e d  t h a t  t h e  
progeny c e l l s  s t u d i e d  had m o b i l i t i e s  t h a t  were r e l a t e d  t o  t h e  f r a c t i o n s  
f rom which t h e y  were co l l ec ted .  However, F i g u r e  7 shows t h a t  t h e  
f r a c t i o n  s t u d i e d  w i t h  t h e  lowest  o r i g i n a l  m o b i l i t y  (Exp 1530) produced 
d i f f e r e n t i a t e d  progeny c e l l s  which had a g r e a t e r  EPM (Mor r ison  e t  a l . ,  
1984a). Summarized comparisons o f  t h e  r e s u l t s  o f  d i f f e r e n t  methods o f  
p r e p a r a t i v e  e l e c t r o p h o r e s i s ,  bo th  i n  1-g and i n  micro-g, show t h a t  t h e  
subpopulat ions o f  HEK c e l l s  t h a t  produce PA's a t  t h e  g r e a t e s t  o r  h i g h e r  
than  average r a t e s  have t h e  same r e l a t i v e  EPM's (Todd e t  al. ,  1986) (see 
F i g u r e  8). 
a unique d i s t r i b u t i o n  o f  f o u r  morphological  t y p e s  which are  b e l i e v e d  t o  
have d i f f e r e n t  p h y s i o l o g i c a l  f u n c t i o n s  (see nex t  sec t i on :  F igu res  9 and 
Mic roscop ic  s t u d i e s  o f  c e l l s  c u l t u r e d  a f t e r  separa t i on  showed 
10). 
4. D iscuss ion  of procedures and r e s u l t s  
M i  nor  i n - f  1 i ght  p rob l  ems occurred d u r i  ng r e d i  spe rs i  on o f  t h e  c e l l  s 
p r i o r  t o  i n j e c t i o n  i n t o  t h e  CFES and w i t h  t h e  automat ic s y r i n g e  d r i v e  
mechanism, and fewer c e l l s  were processed i n  mic ro-g  than  p l  anned. 
apparent p r e f  1 i g h t  m i  c r o b i  a1 cont  ami n a t i o n  o f  t h e  CFES dev i  ce cou l  d n o t  
be e l i m i n a t e d  due t o  S h u t t l e  tu rnaround opera t i ons  t h a t  d i d  n o t  a l l o w  t h e  
CFES t o  be removed f rom t h e  Chal lenger between STS-7 and STS-8. 
contaminat ion  caused s i g n i f i c a n t  changes i n  t h e  p o s t f l i g h t  procedures. 
An 
The 
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F i g u r e  6a. E l e c t r o p h o r e t i c  d i s t r i b u t i o n s  o f  c e l l  number (squares) and 
urok inase p r o d u c t i o n  asmeasured bu S-2444 chromogenic s u b s t r a t e  assay 
(+) f o l l o w i n g  separa t i on  o f  HEK c e l l s  by CFES a t  1-g, t hen  cu$tured i n  
8-10 r e p l i c a t e d  c u l t u r e s  pe r  f r a c t i o n  seeded a t  3000 c e l l s / c m  , grown t o  
95% conf luence and changed t o  u-PA p roduc t i on  medium. Most f r a c t i o n s  i n  
t h e  lower  h a l f  o f  t h e  EPM d i s t r i b u t i o n  (F rac t i ons  30-50) produced minimal 
l e v e l s  of urokinase. 
(Ground experiment 5c). 
F r a c t i o n  number i s  r e l a t i v e  t o  sample i n l e t  tube. 
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F i g u r e  6b. 
by HEK c e l l s  separated by CFES i n  m i c r o g r a v i t y .  
broader t h a n  t h a t  o f  1-g experiment (F igure  6a). 
m o b i l i t y  range ( f r a c t i o n s  53-66) were h i g h  producers o f  u-PA as compared 
w i t h  ground c o n t r o l  experiment (F igu re  6a). ( F l i g h t  experiment4). 
Comparison of c e l l  number (squares) and U-PA p roduc t i on  (+)  
EPM d i s t r i b u t i o n  was 
Most f r a c t i o n s  I n  lower  
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R E L A T I V E  FRACTION NO. 
F igu re  7. ( L e f t )  E l e c t r o p h o r e t i c  m o b i l i t y  (EPM) d i s t r i b u t i o n s  o f  
s t a r t i n g  m i x t u r e  ( t o p )  and 3 f r a c t i o n s  o f  human embryonic k idney  c e l l s  
( s t r a i n  HEK-8514) separated by Continuous Flow E lec t rophores i s  i n  
m i c r o g r a v i t y  and subsequent ly grown i n  c e l l  c u l t u r e .  
l i n e a r l y  r e l a t e d  t o  f r a c t i o n  number (96, 103, and 113 i n  t h i s  case). 
low EPM f r a c t i o n  (number 96) y i e l d e d  higher-EPM progeny c e l l s  ( f rom 
Mor r ison  e t  a1 . , 1984a). 
O r i g i n a l  EPM i s  
The 
F i g u r e  8. ( R i g h t )  E lec t rophores i s  p r o f i l e s  o f  t h r e e  k idney  c e l l  s t r a i n s ,  
separated by t h r e e  d i  f f e r e n t  methods o f  p repara t i ve  c e l l  e lec t rophores i s .  
The re1 a t i  ve number o f  v i  ab1 e c e l l  s i s  p l  o t t e d  agai n s t  e l  e c t r o p h o r e t i  c 
f r a c t i o n ,  renumbered, and sca led  so t h a t  d i r e c t  comparisons are  poss ib le .  
The c e l l  s t r a i n  number i s  i n d i c a t e d  on each panel. 
two panel s were o b t a i  ned f rom densi t y - g r a d i  ent  e l e c t r o p h o r e s i s  
experiments, and t h e  lower  two panels  are da ta  f rom cont inuous- f low 
e lec t rophores i s  experiments. 
performed on Space S h u t t l e  F l i g h t  STS-8. 
t h e  f r a c t i o n  which, i n  every case, gave r i s e  t o  c e l l s  w i t h  t h e  h i g h e s t  
l e v e l  o f  p l  asminogen a c t i v a t o r  product ion,  w h i l e  downward arrows 
i n d i c a t e  f r a c t i o n s  wi th above-average p roduc t i on  ( f rom Todd e t  a1 ., 
1986). 
The da ta  i n  t h e  t o p  
Experiment 4 ( i n  t h e  bottom panel )  was 
The s o l i d ,  v e r t i c a l  l i n e  marks 
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The b a c t e r i a  were r e s i s t a n t  t o  a n t i b i o t i c s  which HEK c e l l s  can t o l e r a t e ,  
and t h i s  contaminat ion  e v e n t u a l l y  r e s u l t e d  i n  t h e  l o s s  o f  25 percent o f  
t h e  HEK f l i g h t  samples. 
FLOW CYTOMETRY APPLICATIONS I N  THE ANALYSIS OF CFES FRACTIONS 
1. C e l l  subpopulat ions i n  human embryonic k idney  c u l t u r e s  
Flow cy tomet ry  was appl i e d  t o  t h e  ana lys i s  o f  f r a c t i o n s  o f  
e l e c t r o p h o r e t i c  c e l l  s t h a t  produce PA's. As t h e r e  a r e  f i  ve morpho1 ogi  c a l  
subpopulat ions i d e n t i f i a b l e  i n  c u l t u r e s  of HEK c e l l s  (domed, fenes t ra ted ,  
l a r g e  and smal l  e p i t h e l i o i d ,  and f i b r o b l a s t o i d  c e l l s ) ,  shown as sketched 
i n  F igu re  9, d i f f e r e n t  types o f  c e l l s  should e x h i b i t  d i f f e r e n t  l i g h t  
s c a t t e r  p roper t i es .  Unseparated and e l e c t r o p h o r e t i c a l l y  separated k idney  
c e l l s  were t h e r e f o r e  analysed on t h e  EPICS V c e l l  s o r t e r  (Cou l te r  
E l e c t r o n i c s ,  Hia leah,  FL) t o  at tempt t o  c h a r a c t e r i z e  t h e  l i g h t  s c a t t e r i n g  
s ignatures  o f  t h e  va r ious  morphological  t ypes  and t o  at tempt  t o  r e l a t e  
morphology t o  enzyme product ion.  
2. M a t e r i a l s  and Methods 
HEK c e l l  s were separated by m i c r o g r a v i t y  e l e c t r o p h o r e s i s  on space 
s h u t t l e  f l i g h t  STS-8 (Morr ison e t  a1 . , 1984, 1984a). Counts o f  v i  ab le  
c e l l  s were made on each sampl e. The c e l l s  were then  p l  a ted  fo r  
p ropagat ion  i n  c u l t u r e .  A f t e r  a l l o w i n g  t i m e  f o r  attachment and 
f l  a t t e n i  ng, t h e  medi urn was rep1 aced w i t h  u r o k i  nase p roduc t i  on medi um 
(UKPM), and a f t e r  severa l  days t h e  amount o f  u rok inase per  sample was 
determined. Several f r a c t i o n s  were f u r t h e r  propagated, and t h e  pe r  cent  
o f  each morphologica l  c e l l  t ype  was determined by phase c o n t r a s t  
microscopy by coun t ing  a t  l e a s t  200 c e l l s  i n  each f r a c t i o n .  
HEK c e l l s  ob ta ined f rom MA Bioproducts  were p u t  i n t o  a s i n g l e  c e l l  
suspension u s i n g  0.05% t r y p s i n  and 0.37% EDTA i n s a l i n e  A and were 
analysed on t h e  EPICS V c e l l  s o r t e r .  
d i s t r i b u t i o n s  were obta ined ( fo rward  angle l i g h t  s c a t t e r  and 90 
i n t e g r a t e d  l i g h t  s c a t t e r  pu l se )  as w e l l  as 90 pu lse-w id th  
" t i m e - o f - f l i g h t "  f o r  c e l l  s i z i n g  (Leary, e t  al., 1978). Two-parameter 
d i  s t r i  b u t i o n s  combi n i  ng these measurements were ob ta i  ned o f  HEK cell  
subpopulat ions t h a t  had been p u r i f i e d  by m i c r o g r a v i t y  e lec t rophores i s  and 
subsequently propagated i n  c u l t u r e .  
Two-parameter 488 nm l i g h h  s c a t t e r  
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early-passage human embryonic k i  dney c e l l  c u l t u r e s .  
Sketches o f  t h e  5 major i d e n t i f i a b l e  c e l l  t ypes  found i n  
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c u l t u r e d  HEK c e l l  s r e t r i e v e d  f rom STS-8 separat  i on exper i  rnent. 
consi s ted  o f  progeny o f  c e l l  s one passage a f t e r  r e t r i e v a l .  
E l e c t r o p h o r e t i  c d i  s t r i  b u t i  on o f  t h e  4 morpho1 o g i c a l  t ypes  o f  
Cu l tu res  
1 GS 
Flow cy tomet ry  can be used t o  i d e n t i f y  plasminogen a c t i v a t o r  
c o n t a i n i n g  c e l l s  by u s i n g  a f l u o r e s c e n t  s t a i n i n g  method f o r  c e l l s  t h a t  
c o n t a i n  p l  asmi nogen a c t i v a t o r s ,  e s p e c i a l l y  urokinase. The general 
approach t o  t h i s  problem was s i m i l a r  t o  t h a t  used by Dolbeare and 
Vanderlaan (1979). 
a f l u o r o g e n i c  s u b s t r a t e  was mixed w i t h  c e l l s  and t h e  c e l l s  were analyzed 
by f luorescence f l o w  cytometry. The k idney  c e l l  s t r a i n  which was 
designated "1593", and which was found t o  be h i g h  i n  c e l l s  producing 
PA's, was tes ted .  C e l l s  were main ta ined e i t h e r  on complete c u l t u r e  
medi urn o r  u r o k i  nase p roduc t i on  medi um (UKPM) (Bar1 ow e t  a1 . , 1977a). C e l l  s 
were suspended by t r y p s i  n i r a t i o n  and exposed b r i e f l y  t o  t h e  f l uo rogen i  c 
s u b s t r a t e  CBZ-gly-gly-arg-MNA. Cleavage o f  t h e  b a s i c  a r g i  n y l  amide bond 
re leases  4-methoxy-Z-naphthylamine, which can be s t i m u l a t e d  t o  f l u o r e s c e  
by t h e  488 nm l i g h t  f rom t h e  argon i o n  l a s e r  o f  t h e  E P I C S  V c e l l  s o r t e r .  
F luorescent  l i g h t  was de tec ted  th rough a 590 nm band pass f i l t e r .  
F i r s t  a s imp le  s t a i n i n g  techn ique was t e s t e d  i n  which 
3. Resu l t s  
The f i r s t  passage progeny o f  c e l l  s obta ined from f r a c t i o n s  91, 96, 
101, 103, 110, 112, 113, and 116 o f  f l i g h t  experiment 4 were counted 
accord ing  t o  morphological  t y p e  a t  va r ious  t imes  a f t e r  r e t r i e v a l .  The 
d i s t r i b u t i o n s  o f  t h e  f o u r  p r i n c i p a l  morphological  t ypes  among these 
f r a c t i o n s  i s  shown i n  F i g u r e  10. 
The s i z e  measuring c a p a b i l i t y  o f  t h e  EPICS V s o r t e r ,  which i s  a 
pubse-height- i  ndependent measure o f  pu l  se w id th  u s i  ng t h e  u n i n t e g r a t e d  
90 l i g h t  s c a t t e r  s igna l  ( " t ime  o f  f l i g h t " )  was c a l i b r a t e d  w i t h  d i f f e r e n t  
s i  zes o f  m i  crospheres, and a reso l  u t i  on o f  0.45 um/channel was o b t a i  ned, 
as shown i n  F i g u r e  11. 
performed u s i n g  9.5, 14.5 and 20.5 um microspheres as standards. The s i z e  
d i s t r i b u t i o n  i s  shown i n  F i g u r e  1, where i t  i s  seen t h a t  t h e  m a j o r i t y  o f  
these passage-1 HEK c e l l s  a re  between 15 and 25 urn i n  diameter. S i z e  was 
used as a c o r r e l a t e d  parameter w i t h  l i g h t  s c a t t e r  i n t e n s i t y  i n  F igu res  
Mic roscop ic  measurements o f  HEK c e l l s  were a l s o  
12-14. 
The i nteg ra ted  90' 1 i g h t  s c a t t e r  s igna l  i ntens i  t y  r e f 1  ects t h e  
i n t e r n a l  s t r u c t u r e  o f  t h e  c e l l ,  i n c l u d i n g  g r a n u l a t i o n  (Goolsby, 1985), 
nuc lea r  s i z e  (B runs t i ng  and Mu1 laney, 1972), and shapeo(Latimer e t  al., 
1978). Granu lar  c e l l s  should s c a t t e r  more l i g h t  a t  90 t h a n  non-granular 
c e l l s .  Forward angle l i g h t  s c a t t e r  (2.5-19 degrees) i s  a measure of s i z e  
and r e f r a c t i v e  i ndex  i n  l i v e  c e l l s  (Leafy, N o t t e r  and Todd, 1978; 
Goolsby, 1984). C e l l s  w i t h  a h i g h  r e f r a c t i v e  i ndex  have reduced forward 
angl e 1 i ght  i ntens i  ty. 
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s i z i n g  u s i n g  5, 10, 15, and 20 um spheres. 
made a t  50% ( s o l i d  l i g e )  and 32% (dashed L i n e )  o f  t h e  peak h e i g h t  o f  t h e  
raw (un in teg ra ted )  90 
C a l i b r a t i o n  curve f o r  pu l  se-height- independent t i m e - o f - f l i g h t .  
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F i g u r e  12. 
Four two-parameter l i g h t  s c a t t e r  d i s t r i b u t i o n s  were ob ta ined on each 
f r a c t i o n  ava ibab le  a f t e r  t h e  S h u t t l e  f l i g h t .  These a re  scattergrams o f  
i n t e g r a t e d  90 
diameter (abscissa) f o r  two o f  t h e  separated f r a c t i o n s  f rom t h e  STS-8 
experiment. 
Two examples o f  raw histograms f rom t h e  E P I C S  V c e l l  s o r t e r .  
l i g h t  s c a t t e r  s i g n a l s  ( o r d i n a t e )  v s  o f  t i m e - o f - f l i g h t  c e l l  
Darker areas i n d i c a t e  h i g h e r  c e l l  counts. 
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t y p e  shown i n  F i g u r e  12. Each two-parameter h is togram was d i v i d e d  i n t o  
f o u r  reg ions,  and t h e  percentages o f  c e l l s  f a l l i n g  i n t o  each reg ion  was 
determined. 
l i e  a long t h e  absc issa i n  F igu re  12). 
A diagram o f  t h e  method o f  ana lys is  o f  t h e  histograms o f  t h e  
Note i n v e r s i o n  o f  axes r e l a t i v e  t o  F i g u r e  12 ( reg ion  3 c e l l s  
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F i g u r e  14. Percentages o f  c e l l s  f rom each e l e c t r o p h o r e t i c  f r a c t i o n  
f a l l i n g  i n t o  each of t h e  2-parameter reg ions  def ined i n  F igu re  13. 
Region 1 conta ined d e b r i s  and was t h e r e f o r e  e l i m i n a t e d  f rom f u r t h e r  
analys is .  
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Figure 16. 
embryonic k i  dney c e l l  s "1593" a t  the 5th passage stained with 
CBZ-gly-gly-arg-4-methoxy-2-naphthylamide a f t e r  cu l t i va t i on  i n microcarr ier  
medium "MM1" plus 10% f e t a l  bovine serum (TOP d i s t r i b u t i o n )  or 3 days a f t e r  
t rans fer  t o  serum-free production medium "UKPM" (MIDDLE d is t r ibu t ion)  
compared t o  unstained c e l l  s (BOTTOM d i  s t r i  b u t i  on). 
Fluorescence in tens i t y  d is t r ibu t ions  of cul tured human 
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S i  ng l  e c e l l  suspensions o f  t h e  above-mentioned e l  e c t r o p h o r e t i  cs  
f r a c t i o n s  were analyzed on theoEPICS V c e l l  s o r t e r .  
d i s t r i b u t i o n s o o f  i n t e g r a t e d  90 l i g h t  s c a t t e r  vs  t i m e - o f - f l i g h t ,  
i n t e g r a t e d  900 l i g h t  s c a t t e r  vs forwardoangle l i g h t  s c a t t e r ,  and 
i n t e g r a t e d  90 l i g h t  s c a t t e r  vs peak 90 l i g h t  s c a t t e r  were acquired. 
Two examples o f  t hese  d i s t r i b u t i o n s  a r e  shown i n  F i g u r e  12. 
d i s t r i b u t i o n  was d i v i d e d  i n t o  f o u r  reg ions  (F igure  13),  and t h e  
percentage of c e l l s  i n  each r e g i o n  was determined f o r  each f r a c t i o n  
(F igu re  14). 
Two-parameter 
Each 
A se lec ted  p o r t i o n  o f  these r e s u l t s ,  i s  compared w i t h  and t h e  
morphological  observa t ions  a r e  shown i n  t h e  2 graphs o f  F i g u r e  15. Large 
s i z e  and low g r a n u l a r i t y  c o r r e l a t e d  w i t h  a h i g h  f requency  o f  l a r g e  
e p i t h e l i o i d  c e l l s ,  as expected, and a h i g h  frequency o f  e p i t h e l i o i d  c e l l s  
c o r r e l a t e s  w i t h  h i g h  t o t a l  p l  asminogen a c t i v a t o r  p r o d u c t i o n  (F igures  6 
and 8). 
When c e l l  s were s t a i n e d  f o r  p l  asmi nogen a c t i v a t o r  con ten t  by t h e  
f l  uorogenic s u b s t r a t e  method t h e  r e s u l t i n g  f luorescence d i s t r i b u t i o n s  
revea led  subpopul a t i o n s  o f  s ta ined  and uns ta ined c e l l  s. 
UKPM a c t u a l l y  decreased c e l l  f luorescence ( p o s s i b l y  due t o  such c e l l  s 
hav ing  a l ready  sec re t red  t h e i r  PA), and uns ta ined c e l l s  had t h e  same 
f l uo rescence  d i s t r i b u t i o n  ( r o u g h l y )  as t h e  1 ow i n t e n s i t y  popul a t i o n  i n  
s ta ined  c e l l s .  These f i n d i n g s  are i l l u s t r a t e d  by t h e  t h r e e  f luorescence 
d i s t r i b u t i o n s  g i v e n  i n  F i g u r e  16. 
I ncuba t ion  i n 
4. Concl u s i  ons 
Resu l t s  o f  f l o w  cy tomet r i c  l i g h t  s c a t t e r i n g  experiments w i t h  
p repur i  f i  ed c u l t u r e d  human k idney  c e l l  s i ndi  c a t e  t h a t  subpopul a t i o n s  o f  
l i v i n g  c e l l s  t h a t  were h i g h  i n  p l  asminogen a c t i v a t o r  a i s 0  conta ined t h e  
h i g h e s t  percentage o f  c e l l s  w i t h  l a r g e  s i z e  and low  90 
i n t e n s i t y  and t h a t  these c e l l s  corresponded t o  t h e  l a r g e  e p i t h e l i o i d  
popul a t  i on. 
l i g h t  s c a t t e r  
By s t a i n i n g  c e l l s  w i t h  a f l u o r e s c e n t  subs t ra te ,  i t  has been shown, 
i n  p r e l i m i n a r y  experiments, t h a t  plasminogen a c t i v a t o r  i s  syn thes ized and 
r e t a i n e d  by c e l l s  m u l t i p l y i n g  i n  growth medium and re leased  by c e l l s  
t r a n s f e r r e d  t o  serum-free p roduc t i on  medium. 
CONCLUSIONS AND FUTURE RESEARCH 
C u l t u r e s  of human embryonic k idney  c e l l  s consi  s t e n t l y  c o n t a i n  an 
e l e c t r o p h o r e t i c a l l y  separable subpopu la t ion  o f  c e l l s  t h a t  produce h i g h  
l e v e l s  o f  u rok inase  and have an EPM about 85% as h i g h  as t h a t  o f  t h e  most 
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mobi le  HEK c e l l s .  Th is  subpopulat ion i s  r i c h  i n  l a r g e  e p i t h e l i o i d  c e l l s  
t h a t  have re1 a t i  ve l y  1 i ttl e i n t e r n a l  s t r u c t u r e .  
throughput are adequate f r e e - f l u i d  e lec t rophores i s  can be used t o  i s o l a t e  
a broad band o f  1 ow mobi li t y  c e l l  s which a1 so produces h i g h  l e v e l s  o f  
PA's. 
When reso l  u t i o n  and 
I n  t h e  course o f  per fo rming  t h i s  research we have d iscovered t h a t  
a l l  e l e c t r o p h o r e t i c  subpopulat ions o f  c u l t u r e d  human embryonic k idney  
c e l l  s produce some p l  asmi nogen a c t i  va to rs  and t h a t  separate 
subpopulat ions produce h i g h  q u a n t i t i e s  o f  d i f f e r e n t  types o f  PA's. 
i n f o r m a t i o n  and t h e  development o f  s e n s i t i v e  assays f o r  t h i s  p r o j e c t  have 
prov ided new i n s i g h t s  i n t o  c e l l  s e c r e t i o n  mechanisms r e l a t e d  t o  
f i  b r i  n o l y s i  s. These advances woul d probably  n o t  have been made w i  t h o u t  
t h e  NASA program t o  exp lo re  fundamental quest ions o f  f r e e - f l u i d  
e l  ec t rophores i  s i n space and McDonnell Doug1 as As t ronau t i cs  Co. ' s  J o i n t  
Endeavor Agreement w i t h  NASA. 
Th i s  
The r e s u l t s  o f  STS-8 demonstrated some advantages o f  c e l l  
separat ions i n  mic rograv i  ty; however, t h e  experiments must be repeated 
under op t im ized c o n d i t i o n s  and w i t h  t h e  use o f  r e f i n e d  assay techniques 
t o  determine t h e  f u l l  p o t e n t i a l  o f  CFES f o r  l i v e  c e l l  separat ions.  
Enough v i a b l e  c e l l s  i n  each subpopulat ion must be re tu rned  f o r  t h e  
f u n c t i o n a l  assays t o  be ab le  t o  i d e n t i f y  t h e  impor tan t  f r a c t i o n s ,  which 
then can be subcu l tu red  f o r  cont inued s tud ies .  P o s t f l i g h t  research w i l l  
determine t h e  f a c t o r s  t h a t  a f f e c t  t h e  re1 a t i o n s h i  p between c e l l  sur face  
charge i n an e lec t rophores i  s b u f f e r  and subsequent sec re to ry  f u n c t i o n  i n 
a complex medi um f o l l  owi ng growth and maintenance under va r ious  c u l t u r e  
condi ti ons. 
The c u r r e n t  and planned research i s  focused on p repara t i ons  f o r  t h e  
nex t  CFES f l i g h t  o p p o r t u n i t y  and on improvements i n  mic ro-g  experiment 
condi t i  ons and sampl e storage. Ground c o n t r o l  s t u d i e s  i n c l  ude qual i t y  
c o n t r o l  o f  f l i g h t  c e l l  l o t s ,  o p t i m i z a t i o n  o f  CFES b u f f e r s ,  improvements 
i n  p re-  and pos t -separa t ion  s to rage cond i t i ons ,  t e s t i n g  e f f e c t s  of 
chemical d i s i n f e c t a n t s  used i n  t h e  CFES, and c e l l  t o l e r a n c e  t o  
a n t i b i o t i c s  r e q u i r e d  f o r  m i c r o b i a l  contaminat ion c o n t r o l .  Pos t -separa t ion  
growth and f u n c t i o n  s tud ies  are used t o  determine c e l l  v i a b i l i t y  ranges 
and t h e  t y p i c a l  r e t e n t i o n  o f  t a r g e t  c e l l  f u n c t i o n  f o l l o w i n g  s to rage and 
successi ve subcu l tu res .  Thi  s work i s hei  ng conducted i n c o l l  abo ra t i on  
w i  t h  t h e  B i  ochemi ca l  Assays o f  Kidney C e l l  s and B i  oseparat ions (CFES) 
research p r o j e c t  a t  t h e  B i  oprocessi  ng Research Center a t  Houston (Bar1 ow 
e t  a l ,  1987, t h i s  volume) and a t  Johnson Space Center. 
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The ded ica ted  p a r t i c i p a t i o n  o f  t h e  t e c h n i c a l  s t a f f s  o f  t h e  f o u r  
o r g a n i z a t i o n s  t h a t  hosted t h i s  research i s  g r a t e f u l l y  acknowledged. The 
c a r e f u l  a t t e n t i o n  g i ven  t o  t h e  experiments on o r b i t  by t h e  STS-8 crew 
members was a v i t a l  component o f  t h e  success o f  t h i s  research. Al though 
t h e  p a r t i c i p a n t s  are t o o  numerous t o  mention i n d i v i d u a l l y ,  t h e  a d d i t i o n a l  
l e a d e r s h i p  p rov ided  by Prof .  W. C. Hymer and t h e  comple t ion  of t h e  
manuscr ipt  t h rough  t h e  e f f o r t s  o f  Ms. T. Thompson are p a r t i c u l a r l y  
noteworthy. G r a t i t u d e  i s  extended t o  t h e  management and l e a d e r s h i p  o f  
McDonnell Douglas As t ronau t i cs  Co. f o r  t h e  use o f  t h e  CFES and b u f f e r s  on 
o r b i t  and on t h e  ground through a J o i n t  Endeavor Agreement w i t h  t h e  U. S .  
Nat iona l  Aeronaut ics  and Space Admin i s t ra t i on ,  which supported t h i s  work 
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